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(g) Process for producing isocyanate compound- 



@ Tliere is disclosed a process for producing an isocyanate connpound from a formamide compound or an 
amine compound which comprises (a) the first reaction step of reacting a formamide compound with dimethyl 
carbonate in the presence of an alkali catalyst, or reacting methyl formate and an amine compound with 
dimethyl carbonate In the presence of an alkali catalyst to produce a corresponding urethane compound, and 
(b) the second reaction step of thermally decomposing the urethane compound at a temperature of 150-350 C 
and separately recovering the methanol and the corresponding isocyanate compound thus formed. 



00 

CO 
CO 



lU 



BNSDOCID: <EP 0436800A1 I > 



Xerox Copy Centre 




EP 0 436 800 A1 



PROCESS FOR PRODUCING ISOCYANATE COMPOUND 



BACKGROUND OF THE INVENTION 

The present invention relates to a process for producing Isocyanate compounds which comprises 
producing a urethane compound from a formamide compound, or an amine compound, and dimethyl 

5 carbonate used as starting materials, followed by thermal decomposition thereof. 

I^cyanate compounds, particularly those which have two isocyanate groups in the molecule, are useful 
as a starting material for polyurethane. polyurea, etc. 

Isocyanate compounds are presently produced commercially by the reaction of a primary amine 
compound with phosgene. The phosgene process currently in use has difficulties in the handling of highly 

10 poisoaouo phosgene, disposal of hydrochloric acid, corrosion of equipment, ^*tc., so that an industrially 
feasible production process which can replace it is eagerly desired. In recent years, with such a situation as 
the background, various processes v/hlch use no poisonous phosgene have been proposed. 

Processes for prodirning an isocyanate compound which use no phosgene may be divided, when 
classified according to the principal starting materials, into those which use a formamide compound, amine 

75 compound and nitro compound, respectively. When classified according to the reaction steps, they may be 
divided into a process wherein an isocyanate compound is directly obtained by onc-'Step reaction and a 
process for producing an isocyanate by two-step reaction wherein a urethane compound is produced first 
and then it is thermally decomposed. 

The processes which use a formamide compound as the principal starting material include processes 

20 wherein isocyanates are directly obtained by dehydrogenation. U.S.P, No. 3.960.914 discloses a process 
which comprises dehydrogenating a fomnamide compound in a nonaqueous solvent with the aid of a 
catalyst of a platinum group element such as Pd. but the process has drawbacks of a low reaction rate and 
a selectivity toward Isocyanate compounds of as low as 30%. U.S.P. No. 4,207,251 discloses a process 
comprising subjactsng a formamide compound to a gas phase oxidative dehydrogenation for a specified 

26 contact time in the presence of Ag-containing catalyst, but the process is of little practical utility, the yield of 
isocyanate oompoynri? being as low as 21 % according to the working examples shown therein. U.S.P. No. 
3.277,140 discloses a process comprising reacting a formamide compound with halogen such as bromine in 
the presence of a heterocyclic nitrogen compound, but tFia process gives an insufficient yield of isocyanate 
compound and consumes 4 moles of the heterocyclic compound as its halide per 1 mole of the isocyanate 

30 compound formed, and is hence economically unfavorable. 

On the other hand, U.S.P. No. 4,661,217 discloses a process comprising oxidizing a formamid 
compound on a graphite electrode witii NaBr used as the supporting electrolyte in an alcohol solvent to 
prepare a corresponding urethane compound. Since the urethane compound thus obtained can be 
converted into an isocyanate compound by thermal decomposition, there is suggested a possibility that a 

35 non-phosgene process which uses a formamid© compound as a starting material can be developed. 
However, upon investigation of the urethane synthesis step of said process, it has been revealed that 
though a relatively high urethane yield is obtained a severe deterioration of the electrode takes place, so 
that the process has a difficulty in being put into practice in a commercial scale apparatus. 

On the other hand, processes are known which produce urethane compounds from amine compounds 

40 and dimethyl carbonate (U.S.P. No. 3,763.217, E.P. No. 48.371, U.S.P. No. 4,395.565). These processes 
comprise reacting an amine compound with dimethyl carbonate in the presence of a Lewis acid catalyst, 
lead-, titanium- or zirconium-based catalyst, alkali catalyst, etc. According to the working examples shown 
therein, however, the processes generally have drawbacks of giving a low rate of reaction and being iifcbi 
to ioxtn methylated compounds as by-products, leading to a low urethane yield. An improved process 

45 thereof has also been proposed, noticing the fact tiiat specific amine compounds undergo the methyjation 
of side reaction with difficulty, which comprises using dimethyl carbonate with a water content of lesi^ Than 
0.2% and adding the amine compound and sodium methylate catalyst thereto continuously or intermivtantly 
(POT WO 88/05430). 

The object of the present invention is to provide a process for producing an isocyariate compound 
50 economically and efficiently by using a formamide compound or an amine compound as a principal skiting 
material and witiiout using poisonous phosg ne. 

SUMMARY OF THE INVENTION f 
The present inventors have made ©Ktensivo study to develop a process capable of producing an 
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@ Process for producing Isocyanate compound. 



@ Thero is disclosed a process for producing an isocyanate compound from a formamide compound or an 
amine compound which comprises (a) the first reaction step of reacting a formamide compound with dimethyl 
carbonate in the presence of an alkali catalyst, or reacting methyl formate and an amine compound with 
dimethyl carbonate In the presence of an alkali catalyst to produce a corresponding urethane compound, and 
(b) the second reaction step of thermally decomposing the urethane compound at a temperature of 1 50-350 0 
and separately recovering the meth anol and tbQ , corresponding isocyanate compound thus formed. 
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PROCESS FOR PRODUCING I80CYANATE COMPOUND 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for producing isocyanate compounds which comprises 
producing a urethane compound from a formamide compound, or an amine compound, and dimethyl 
carbonate used as starting materials, followed by thermal decomposition thereof. 

I^cyanate compounds, particularly those which have hvo isocyanat© groups in the molecule, are useful 
as a starting material for polyurethane, polyurea, etc. 

Isocyanate compounds are presently produced commercially by U\e reaction of a primary amine 
compound with phosgene. The phosgene process currently in use has difficulties in tiie handling of highly 
poisonous phosgene, disposal of hydrochloric acid, corrosion of equipment, etc., so that an industrially 
feasible production process which can replace it is eagerly desired. In recent years, with such a situation as 
the background, various processes which use no poisonous phosgene have been proposed. 

Processes for producing ai isocyanate corrEpound which use no phosgene may be divided, when 
classified according to the prindpal starting materials, into those which use a formamide compound, amine 
compound and nitro compound, respectively. When classified according to the reaction steps, they may be 
divided into a process wherein an isocyanate compound is directly obtained by one-step reaction and a 
process for producing an isocyanate by two-step reaction wherein a urethane compound is produced first 
and then it is thermally decomposed. 

The processes which use a formamide compound as the principal starting materiai inciude processes 
wherein isocyanates are directly obtained by dehydrogenation. U.S.P. No. 3,960.914 discloses a process 
which comprises dehydrcgenating a formamide compound in a nonaqueous soivent with the aid of a 
catalyst of a platinum group element such as Pd, but the process has drav/backs ot a low reaction rate and 
a seiectivity toward isocyanate compounds of as low as 30%. U.S.P. No. 4.207,251 discloses a process 
comprising subjecting a formamide compound to ^ gas phase oxidative dehydrogenation for a specified 
contact time in the presence of Ag-contairiing catalyst, but the process is of little practical utility, the yield of 
isocyanate compounds being as low as 21% according to the working examples shov/n therosn. U.S.P. No. 
3.277,140 discloses a process comprising reacting a formamide compound with halogen such as bromine in 
the presence of a heterocyclic nitrogen compound, but the process gives an insufficient yield of isocyanat 
compound and consumes 4 moles of the heterocyclic compound as its halide per 1 mole of the isocyanate 
compound formed, and is hence economically unfavorable. 

On the other hand, U.S.P. No. 4,661,217 discloses a process comprising oxidizing a formamide 
compound on a graphite electrode with NaBr used as the supporting electrolyte in an alcohol solvent to 
prepare a corresponding urethane compound. Since the uretharie compound thus obtained can be 
converted into an isocyanate compound by thermal decomposition, there is suggested a possibility that a 
non-phosgene process which uses a lorman'tido compounu as a starting material can be developed. 
However, upon investigation of the urethane synthesis step of said process, it has been revealed that 
though a relatively high urethane yield is obtained a severe deterioration of the electrode takes place, so 
that the process has a difficulty in being put into practice in a commercial scale apparatus. 

On the other hand, processes are known which produce urethane compounds from amine compounds 
and dimethyl carbonate (U.SP. No. 3,763.217. E.P. No. 48,371, U.S,P. No. 4,395.565), These processes 
comprise reacting an amine compound with^ dinnethyi carbonate in the presence of a Lewis acid catalyst, 
lead-, titanium- or zirconium-based catalyst, alkali catalyst, etc. According io tlie working exampSes shown 
therein, however, the processes generally have drawbacks of giving a low rate of reaction and being liable 
*9 fp™..?f^®*^y'®^^ ^^^P^*^ ®5 by-products, leading to a low urethane yield. An improved process 
thereof has also been proposed, tioticing 'tiie' feet that specific an^ine compounds undergo the methylation 
of side reaction with difficulty, which comprises using dliTiietiiyl carbonate witl; a water cbnteat of less than 
0.2% and adding the amine compound and isodluti methylate catalyst thereto contihuousiy or intermittently 
(POT WO 86/06430). ' r r.^^ ^ov of^; v. . r , 

The object of the present invention is to provide a process for producing an isbcysihate compound 
economically and efficiently by using a formamid© compound or an amine compound as a principal starting 
material and without using poisonous phosgene. 

SUMMARY OF THE INVENTION 

The present inventors have made extensive study to develop a process capable of producing an 
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isocyanate compovrd : from a formanr.ide compound or an amine compound with a high yield and high 
space time yield. As a result, it has been found that by reacting a formamlde compound with dimethyl 
carbonate in the presence of an alkali catalyst or reacting methyl formate and an amine compound with 
methyl carbonate in the presence of an alkali catalyst, a corresponding urethan© compound can be obtained 

5 with a high reaction rate and a good yield, and further that by combining the above process with a thermal 
decomposition which converts the urethane compound thus obtained into an isocyanate compound, said 
object can be easily attained. The present invention has been accomplished on the basis of above finding. 

Thus, according to the first aspect of the present Invention, there is provided a process for producing an 
isocyanate compound from a formamide compound or an amine compound which comprises 

70 (a) the first reaction step of reacting a formamide compound with dimethyl carbonate in the presence of 
an alkali catalyst to produce a corresponding urethane compound, and 

(b) the second reaction step of thermally decomposing said urethane compound at a temperature of 150- 
350' C and separately recovering the methanol and the Isocyanate compound thus formed. 
Further, according to the second aspect of the present invention, there is also provided a process for 
T5 producing an isocyanate compound from an amine compound which comprises 

(a) the first reaction step of reacting methyl formate and an amine compound with dimethyl carbonate in 
the presence of an alkali catalyst to produce a corresponding urethane compound, and 

(b) the second reaction step of thermally decomposing said urethane compound at a temperature of 150- 
350 "C and separately recovering the methanol and the corresponding isocyanate compound thus 

20 formed. ^ 



DETAILED DESCRIPTION OF THE INVENTION 

The first aspect of the present invention may be expressed by the following reaction formulas (1) and 
25 (2). In the first reaction step, a urethane compound and methyl formate are formed from a corresponding 
formamide compound and dimethyl carbonate. In the second reaction step, an isocyanate compound and 
methanol are formed from a corresponding urethane compound. In the first reaction step of the fomnula (i). 
a urethane compound can be obtained with a high reaction rate and a high yield merely by placing an alkali 
catalyst such as sodium methylate catalyst, a corresponding formamide compound and dimethyl carbonate 
30 collectively in a reactor and allowing the resulting mixture to react under reflux at norma! pressure. 



35 



40 



R(NHCOH)^ + nCO(OCH2)2 



alkali 

catalyst ^ . 

^ RCNHCOOCHg)^^ + nHCOOCHg (1) 



45 



Thermal de-r;. 
composition 

RCNHCOOCHj)^ ■■ R(NC0>^ h- nCH30H ; (2) 



The formamide compound used in the.-first-aspect of the present invention may be obtained by various 
methods, but is preferably prepared -by -.^e /eaction of a corresponding amine compound with methyl 
■so formate as can be expressed by the foilawing^ formula (3). It Is advantageous that the methyl 

formate used here can be provided by recycling the methyl formate formed In the first reaction step of the 
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R(NH2)j^ + nHCOOCHg 



Without 
catalyst 

R ( NHCOH) ^ + nCHgOH ( 3 ) 



10 



The above reaction is characterized in that it proceeds quantitatively and vyith a ver\^ high reaction rate 
simply . by mixing an amine compound and nnethyl fonnate in tJie absence of a catalyst at normal 
temperature and normal pressure. 

The process of the second aspect of tJie present Invention comprises reactions expressed by the 
75 formulas (1)'. (2)' and (3)\ 

2 n 3 



20 



Without 
catalyst 

^ R( NHCOH) + nCHjOH {!)• 



R( NHCOH + hCOCOCHg)^ 



30 



Alkali 
catalyst 



R ( NHCOOCH^ ) + nHCOOCH^ ( 2 ) ' 



35 



RCNHCOOCKj)^^ 



40. 



Thermal de- 
composition 



R(NCO)^ + nCH^OH (3) * 



- Thiis. a ursthsns ccinrspound can be obtained with a high reaction rate and a high yield by reacting 
% metf-iyl fonnate and a ccrrssponding amine corTipp,un<^ with dimethy! carbonate In the presence of an alkali 
: : ^; catalyst through an. In sitii ipethcd. : ; -Liicoc^e::: . ' 

. , "50 The reacflon of foirmfng a urothang compound and methano! fron^ an amfno conDpound and dimethyl 
. : carbonata is known already as deJScrit^t5-abov3;::(^^ 3.763.217, EP/ No ■ 48,371, U.S.P. No. 

/inp-;?/ V 4,395.565. PCT WO aS-05,430) and msy expressed by the following formu!a (4)\ . . ... 



55 
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R(NH2)jj + nCOCOCHj)^ 



5 



RCNHCOOCHj)^^ + nCH30H 



(4) ' 



Upon tracing the components relating to the above reaction it was revealed that no formamide 
10 compound was recognized as the reaction intermediate. 

On the other hand, according to the process of the second aspect of the present invention, based on 
the finding that the rate of reaction of the formula (1)* in the absence of catalyst and the rate of reaction of 
the formula (2)' in the presence of alkali catalyst are very high as already described above in relation to the 
first aspect of the present invention, a urethane compound is obtained with a very high reaction rate and a 
15 high yield through the reaction of the formula (2)' using as the reaction intermediate the formamide 
compound formed by the reaction of the formula (1)' and then an isocyanate compound is produced by the 
thermal decomposition thereof. 

Some embodiments of the process of the present invention will be described in detail below. 
The formamide compounds used as a principal starting material in the first aspect of the present 
20 invention may be classified into those of aromatic group and those of aliphatic group. Particularly preferably 
used among them are aliphatic formamide compounds having two formamide groups. Aliphatic formamide 
compounds include, as classified according to the molecular structure, alicyciic formamide compounds and 
chain aliphatic formamide compounds. As specific examples of the starting materials conresponding to 
industrially useful isocyanate compounds, mention maybe made of N.N*-[1,3-phenylenebis(methylene)]- 
25 bisformamide and the 1,4-isomer of the same structure, N.N*[1 ,3-cyclohexylbis(methylene>]bisformamide 
and the 1.4-isomer of the same structure. 3-formamidomethyl-3,5,5-trimethyl-l-formamidocyciohexane, 1.6- 
hexamethylenediformamide. etc. 

In the second aspect of the present invention, on b*ie other hand, there may be used as the principal 
starting material m- and p-xylenediamine. N.N'-t1,3-cyclohexylbls(methy!ene)]bisamine and its 1.4-isomer. 
30 isophoronediamine. 1 ,6-hexamethylenediamine, etc. 

While aliphatic diisocyanate compounds with a high added value can be obtained from these com- 
pounds, the process of the present invention makes it also possible to produce aromatic diisocyanate 
compounds with a high versatile utility from aromatic diamine compounds. 

Dimethyl carbonate used as an auxiliary material and methyl formate used as an additive may be those 
35 on the market as they are or further purified as occasion demands. These starting materials preferably have 
a water content reduced to a possible minimum, in order to decrease the amount of catalyst and to maintain 
its activity. 

The amount of dimethyl cariDonate to be used in the process of the first aspect of the present invention 
is in the range of 1-20 moles, preferably 1-10 moles, per 1 mole of the formamide group of a formamide 

40 compound. When the amount used is less than 1 mole, unreacted formamide will remain. When It is more 
than 20 moles, the space time yield is low. which are unpractical. Similariy. when an amine compound is 
used as the principal starting material in the second aspect of the present invention, the amount of dimethyl 
carbonate to be used per 1 mole of the amino group js in the range ot 1-20 moles, preferably 1-10 moles. 
The amount of methyl formate to be added is in the range of 0.1-5 moles, preferably 0.1-1 mole, relative to 

45 1 mole of the amino group. When the amount used is less than 0.1 mole, the reaction promoting effect by 
methyl formate is small. When it is more than 5 moles, the space time yield will be low. 

The aikaii catalyst preferably used in the present invention is the aicoholate of an alkali; metal or alkaline 
earth metal. Specmc examples thereof include^the^ methylates, ethylates or the like of:>sGdium. potassium, 
lithium, calcium, barium, etc. In practical use. sodium methylate is preferable from the viewpoint of easy 

50 availability and economical advantage. Although'^Tie -alkali catalyst may be used in the form of both solid 
' and sdiutioii. the most preferable Is the nrtethlahor solution of sodium rnethylate available on. the market. The 
amount of alkali to be used, in the ca^e "or'fe'bdiuff^^ methylate. is in the range of 0.01-5% by weight 
preferably 0.05-2% by weight, in terms of the concentration in the reaction liquid. When the amount used is 
jess than 0.01% by weight, a sufficient reaction rate is not obtained, whereas when the amount is more than 

55 2% by weight the cost of catalyst becomes to high, resulting in economical disadvantage. 

When the principal starting material is a solid, or the urethane compound formed will deposit as a solid, 
in the reaction of the present invention, the reaction can advantageously be carried out by us of a solvent. 
The solvent should be inert to the starting material, catalyst, and urethane compound form d. Specific 
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examples of solvents which can be used include alcohols such as methanol, and ethanol, ethers such as 
tetrahydrofuran and dioxane. hydrocarbons such as benzene and toluene, and also sulfolane, etc. The 
solvent is advantageously used in a necessary minimum amount, usually in the range of 1-10 times by 
weight relative to the principal starting material. 
5 The operations for the first reaction step are as follows. A formamide compound: dimethyl carbonate 

and alkali catalyst (or, in the second aspect of the invention, an amine compound, methyl formate, dimethyl 
carbonate and alkali catalyst) and. if necessary, a solvent are charged together into a reactor and allowed to 
react, whereby a urethane compound can be obtained with a sufficient reaction rate and a high yield. In the 
. _ case of a batch-v/ise reaction it is also possible, as occasion demands, to feed the alkali catalyst alone 
10 continuously or intermittently. Further, in the reaction of a formamide compound, dimethyl carbonate and 
alkali catalyst, it can also be favorable practiced to withdraw the methyl formate formed out of the system 
by reaction-distillation. 

In the first reaction step, the reaction may be conducted at normal or applied pressure at a reaction 
temperature in the range of 0-160' C. Practically, however, it is preferably conducted under reflux at normal 

75 pressure at a reaction temperature in the range of 20-90* C. 

The urethane compound formed can be recovered from the reaction liquid and further purified by 
various methods combining distillation, solvent extraction, washing, neutralization, crystallization, and other 
means. One example will be specifically shown below. Dimethyl carbonate, methyl format© and methanol 
are recovered from the reaction liquid by conventional evaporation or simpio distillation undsr normal or 

20 reduced pressure. The evaporation concentrst© thus obtained is dissolved in a hydrocarbon solvent such as 
benzene, toluene and xylene, and then an aqueous acid solution is added tiieroto and stirred, to effect the 
neutralization of the alkali catalyst. The acids usable fierein may be mineral acids, such as hydrochloric 
acid, sulfuric acid, nitric acid, and phosphoric acid. The neutralized solution separates into two layers. After 
separation of the aqueous layer, the organic layer containing the urethane compound is preferably further 

25 washed with water. From the organic layer the urethane compound can be recovered by solvent recovery 
by means of conventional evaporation or simple distillation, or by crystallization. Particularly when the 
urethane compound is solid at normal temperature^ it is industriaily practical to handle the urethane 
compound in the form of its solution through the technique of solvent exchange between the solvent of the 
organic layer and tiie high boiling point solvent used in the succeeding tiiermal decomposition step. 

30 In the second reaction step, the urethane compound recovered and purified in tiie manner described 
above is thermally decomposed, whereby methane! and the intended isocyanate compound can be 
obtained. Preferably, said thermal decomposition is conducted in an inert soSvent fiaving a higher boiling 
point than that of tho isocyanate compound to b€* formed, and the vapor mixture of methanol , and the 
isocyariato compound evolved is subjecied to p<irt75! condensation. The solvent used here preferably shows 

35 a large boiling temperature difference, particularly praferahiy a tomperaturo difference of 40'C or more, to 
facilitats withdrawing the isocyanate compound formed by the tiierma! deconnposition of the urethane 
compound selectively out of the system and srsparathpg it byr c^^ 

such solvents include esters such as diocty! phtiialstct, d;decy! phthalate. didodecyl phthalate and diphenyl 
phthaiate; and aromctic hydrocarbons commonly ussd as a heating medium, ^uch as dibenzyltoluene, 
40 pyiBne. triphenylnrsethane, bromonaphttetene, phsnyinapht^calonG. and bsnzylnaphthalene. The amounts of 
these solvents used is 0.1-100 times by weight, prafarsbly 0.5-50 times by y/sight, relative to the urethane 
compound. 

The thenmal decomposition of the urethane compound is conducted at a temperature In the range of 
1 50-350 "C. preferably 200-300* C. A temperature lower than 150*C gives a low decomposition velocity, 
. ' 45 whereas, a tempereituro higher than 350 " C ?ncf0^sGS the?, fornnnticn of by-products. The operation pressure 
r: . ; shouEd be* a prt?ssuro at vvhich methanol ssrid the Isocysnate compound can vapori*TS5 in ccrre-spondence to 
, \ ; . said decomposition ternperaJL're. and is usually; in ths^ range of 1-500 mmHg. Thu^, tf-ie vapor mixture of 
. - methanol and iiie ^socy€«nHte compound formed by.:tht) thomrsal dooomposition of the urethane compound is 
- - preferably withdrawn out of th^ sy^jtem in,fJie,fr]rrT>. of r^action-dlstillation. Than tho compoj^ents can be 
so separated and recovered independentiy of -sacf^fj^^her. by fe^^ advantage of the difJerenco .bet.v3en the 
/-^i^in :v.:;i: * condensing tempsrstisres Of .tho respectivGfractions.no:,:.^ ;: - 

-v:::r - Although iho 3s*rCond resiction st«p can ,be,c:ofic!uct3d [rs.the absence of cntnlyct; a thonrnei decomposi- 
tion catalyst may also be used to enhance the reaction rate- As, 6xafrsp!??s of mjch usable catalysts, mention 
made of rare arth elements; the elements and compounds of antimony and bismuth; the elerrient and 
55 compounds of boron; and the elements asid compounds of cobalt, nickel, irori, copp^er,, siric, altiminum, 
carbon and titanium. These catalysts are used in arnounts ranging from 0.0001 to 1 pan by weight relative 

i:::Vih-r:j;;, . to 1 part by wolgbt Of tht^LyrGthg^n^ corpppuHd; o :;r : . 

rnuibo : ::. f o;:: The process of Uie. present invsntion- can. fav^*:rably be pe^rformed both in a batch;W!?te operation and In 
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a continuous oper^tiorif/'" 

According to the present invention, isocyanat© connpounds can be produced efficiently without handling 
highly poisonous phosgene. 

In the process of the present invention, a urethane compound is produced from a formamide compound 
5 and dimethyl carbonate, or from an amine compound and dimethyl carbonate in the presence of methyl 
formate, in the first reaction step and then an isocyanate compound is produced by thermally decomposing 
the urethane compound in the second reaction step, with high yields obtained in both reaction steps. In the 
first reaction step a high reaction rate can be obtained and hence the space time yield is also high; further 
the methyl formate formed can be recycled to the step of producing formamide through the reaction with an 
70 amine compound; thus the process is of excellent economical advantage industrially. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described further in detail below with reference to Examples. 

Referential Example; synthesis of formamide compoun d 

Into a 1000-ml round=bottomed flask equipped with a stirrer were charged 200 g of m-xylenediannine 
and 300 g of methanol, which was then placed in an ice-water mixture tiath. Then 212 g of methyl formate 

20 was charged dropv/ise into the flask over a period of 10 minutes and then stirred for about 10 minutes. The 
flask was then transferred to a rotary evaporator and the whole amounts of methyl formate and methanol 
were recovered in a hot water bath (70 'C) under normal pressure and then under reduced pressure to 
obtain white crystals. After drying, the resulting product, weighing 281 g, was subjected to NMR analysis, IR 
analysis, elementary analysis and liquid chromatographic analysis and was identified as ^N.N*-[1 ,3- 

25 phenylenebss(methylene)]bisfonrtamid0. The yield was confirmed to be 99.6%. 

The first reaction step, urethane synthesis experiment 
Example 1 

30 ' 

Into a 200 rnl three-necked flask equipped with a reflux condenser, thermometer and stirrer were 
charged collectively 20 g of N.N'-[1,3-phenyieneb!S(methylene)]-bisformamide (hereinafter referred to as 
meta-xylenedifonmamide). 60 g of dimethyl carbonate, and 2 g of a 22.5% methanol solution of sodium 
methylate, and the flask was placed in a water bath. The temperature of the water bath was elevated to 
35 70* C and then *0 charged mixture was allowed to react under reflux for i hour. 

After the reaction, the resulting reaction liquid was analyzed by liquid chromatography and gas 
chromatography (using an internal standard method). Resultantly it was found that methyl N,N'-[1.3- 
pheny(ene-bis(methylene)]blscarbamate (hereinafter reffered to as meta-xylene dicarbamate) had been 
formed in 96.6% yield based on nneta-xylenediforrhamide. It was confirmed that the selectivity for meta- 
40 xylene dicarbamate based on dimethyl carbonate was 98.2% and an am.ount of methyl formate conrespond- 
ing to reacted nneta-xylenedlformamide had been fonmed. 

Example 2 \ ^ 

45 A 200-ml three-necked flask equipped-with a fractionating column fitted with^> reflux: condsnser, a 
thermometer, and a stirrer was used as a reactor. The eactor was charged collectively> with :20 g of meta- 
xylenediformamide. 60 g of dimethyl carbonate and 1 g of a 22.5% mettnanol solution of:^odium methylate 
and placed in a water bath. The temperaturevof^e water bath was elevated to 70 ^C and then the charged 
■ mixture- was allowed to react for 30 minPiWes; During the time the distillate was collected from the 

6o fractionating column to a receiver through'rdactibn-di^tillation/^^^^ ^^^^ ^ 

After the reaction, the resulting reactlon Mquld and the distillate were analyzed by liquid chromatography 
= and -gas chromatography. Resultantly? the iyield ^df ta^xylene dicarbamate bas d on rneta-xylenedifor- 
• ^^^hfiamide w^ found to be 96.5%. - - noljcsei eel: £c ; f . U : - " ^ . 

' '■■■■"^'•■^'SB^- ^£>cample^-- .:.ir.vvO :j iDriuoqmoD onzi c^ncirne:^ ;i:rn Df;^ .;u:.-'0 \ . • ' 

The same reactor as that used in Examp! t^VvaisP charged- Colle^^ 30 g 'net>f"Xyl nedifor- 

^ mamide.' 60 g of dim thyl carbonate, 20 g-ofvitieth^nol. and 2 gvof a |22.5%^ of sodium 
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methylate and then the reactor was placed in a water, bath. The temperature pf the water bath was elevated 
to 70'C and then the charged mixture was allowed to react under reflux for 1 hour. 

After the reaction the resulting reaction liquid was analyzed by liquid chromatography and gas 
chromatography. Resultantly, the yield of meta-xyiene dicarbamate based on meta-xylenediformamide was 
5 found to be 96.8%. 

Example 4 . . 

The same reactor as that used in Example 1 was charged collectively with 14 g of m-xylenediamine. 60 
70 g of dimethyl carbonate. 6 g of methyl formate and 2 g of a 22.5% methanol solution of sodium methylate 
and the reactor was placed in a water bath. The temperature of the water bath was elevated to 70* C and 
then the charged mixture was allowed to react under reflux for 1 hour. . 

After the reaction, the resulting reaction liquid was analyzed by liquid chromatography and gas 
chromatography, Resultantly it was found that meta-xylene dicarbamate had been formed in 93.8% yield 
76 ba.SGd on m-xyienediamine. 

Example 5 

A 500-ml three^necked flask equipped with a reflux condenser, thermometer and stinrer was charged 
20 collectively with 60 g of meta-xylenediformamide and 180 g of dimethyl carbonate, and the flask was placed 
in a water bath. The temperature of the water bath was elevated to 60" C. then 2 g of a 22,5% methanol 
solution of sodium methylate was fed continuously to the flask over a period of 30 minutes, and the 
resulting mixture was allowed to react under reflux for 30 minutes. 

After the reaction the resulting reaction liquid was analyzed by liquid chromatography and gas 
25 chromatography. Resultantly It was found that the yield of meta-xylene dicarbamate based on meta- 
xylenediformamide was 98.9%. 

Example 6 

30 The same reactor as that used in Example 1 was charged collectively with 21 g of N.N'-[1.3- 
cyclohexyIbis(methylene)]bisformamide. 60 g of dimethyl carbonate, and 2 g of a 22.5% methanol solution 
of sodium methylate, and the reactor was placed in a water bath. The temperature of the water bath was 
elevated to 70 ° C and then the charged mixtiire was allowed to react for 1 hour. 

After the reaction, the resulting reaction liquid was neutralized with phosphoric acid and then analyzed 
35 by gas chromatography. Resuilsntiy it was found that methyl M,N*-[1.3-Gydohexylbis(methylene)]-bisc- 
r: \ arbamate has been formed in 96.9% yield based on the formamide compound of the starting material. It 

was confinr.ed that the selectivrty for urethane compound based on dimethyl carbonate was 97.8% and an 
amount of methyl formate corresponding to the reacted formamide compound had been formed. 

40 Example 7 

- ^ Th© ssjne reactor as that used in Example 1 was charged collectively with 15 g of N.N*-[1,3-cyclohexyl- 

{methylene)j3isam!ne» 60 g of dimethyl carbonate, 4 g of methyl formate, and 2 g of a 22.5% methanol 
: - solution of sodium methylate, and the reactqr was placod in a water bath. The tempsrature of the water bath 

; 45; wa3::eleyat^^ 

After the reaction the resulting reaction liquid was neutralized with phosphoric acid and then analyzed 
by gas chromatography. Resultantly. the yield of methyl N,N'-[1.3-cyclohexylbis(methylene)]biscarbamate 

-i ". L . v ' was foimd to l>e 94.5% based en the Starting amino:^ 



50 Example 8 

i'bi\(r.\nj-jr"]. . Th£i same reactcr as that us?5d :n;.Exarnpie>:;2^ charged collectively.. witi"! 18 g of 1,6-hex- 
amethylenediformamide, 60 g of dimethyl carbonate, and 1 g of a 22.5% mettianoi J solution of sodium 
methylate, and the reactor was placed in a water bath. The temperature of the l^ath was elevated to 70* C 

c.' ;zv..-i55 'and the* charged mixtijrQowas t^en jGliQVYed^^tp.^reac^ .xlistiMate-from the 

fractionating column was collected to ai receiver through r action-distillatiop, . 

After the reaction the resulting reaction liquid was neutralized with phosphoric acid and then analyzed 

-.rioo r by gas chromatography, ResuJtantiv, theyyield of motliyl 1 .e-hexamethylenediicarbamate was found to be 

8 

3NSDOCID: <EP 0436e00Al J_> 



EP 0 436 800 A1 

93.6% based on the starting fornr^amide compound. 
The second reaction step> urethane decomposition experiment 
5 Example 9 

A 300-mI three-necked round-bottomed flasl< equipped with a capillary, thermometer and fractionating 
column fitted with a reflux condenser was used as a reactor, A receiver for collecting the downflow liquid 
was attached to the fractionating column. Hot water at 60 ' C was passed through the reflux condenser. The 

10 upper parts of the reflux condenser and the receiver were connected to a vacuum line through a cold trap 
cooled with a methanol-dry ice mixture. 

The reactor was charged with 20 g of meta-xylene dicarbamate and 200 g of Marurotherm S solvent 
(major component: dibenzyltoluene), and was placed in a silicone oil bath. The atmosphere In the reaction 
system was replaced with nitrogen, then evacuated to a degree of vacuum of 25 mmHg. and the 

75 temperature in the flask was raised up to 260* C. Said conditions were maintained for 3 hours, and the 
evolved vapor was partially condensed and recovered by making use of the temperature difference between 
the reflux condenser and the cold trap. 

After completion of the thermal decomposition, the liquids in the reactor, receiveri and cold trap were 
respectively analyzed by liquid chromatography and gas chromatography. Resuitantly it was revealed that, 

20 at a conversion of meta-xylene dicarbamate of 99.2%, the yield of meta-xylene diisocyanate was 84.1% and 
the yield including that for the monoisocyanate of an intermediate was 97.2%. 

Example 10 

25 The thermal decomposition of a urethane compound was conducted in the same manner as in Example 
9 but by charging 20 g of meta-xylene dicarbamate and 150 g of dioctyl phthalate and under conditions of 
30 mmHg and 270* C for 2.5 hours. Resuitantly, the yield of meta-xylene diisocyanate was 77.2% based on 
meta-xylene dicarbamate and the yield including that for monoisocyanate was 86.2%. No unreacted meta- 
xylene dicarbamate of the starting material was recognized in the reactor. 

30 

Example 11 

The thermal decomposition of a urethane compound was conducted in the same manner as in-Example 
9 but by charging 20 g of meta-xylene dicarbamate, 200 g of Marurotherm S solvent, and 0.1 g of cobalt 
35 acetate tetrahydrate and under conditions of 25 mmHg and 250* C for 3 hours. 

Resuitantly it was revealed that, at a conversion of meta-xylene dicarbamate of 99.5%. the yield of 
meta-xylene diisocyanate was 86.2% and the yield including that for monoisocyanate was 93.4%. 

Claims 

40 . 

1. A process for producing an isocyanate compound from a formamide compound which comprises 

(a) the first reaction step of reacting a formamide compound with dimethyl caibonato in the presence 
of an alkali catalyst to produce a corresponding urethane compound/and 

(b) the second reaction step of theWnally decomposing the urethane compound at a temperature of 
45 1 50-350 *C and separately recovering the methanol and the corresponding 4socyahate compound 

' thus formed; ' " 

2. A process for producing an isocyanate cbmpound according to- claim 1 wherein the formamide 
compound is an aliphatic formamide compound. 

50 . . 

3. A process for producing an isocyanate . compound according to claim 1 wherein the formamide 
'; bo}Tipound is N,NH1.3-phenylehebl§(n^iaiylei^^^ N.N'-[1.3-cyclohexy)bis(methylene)]- 

':_\*^';'*^;-''iDlsf^ ' ' ' • '^'^""^'^^ '"^^^^^ 

55 - 4: -' -A"pro therein the alkali catalyst is 

sodium methylate/" ^ P^-'o^ri; irvions-^ ^ 

5. A process for producing ari isocyanat cdmiDOijhd * according to Clainrf-r^^v^^^ the thermal decomposi- 
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tion of the second reaction step is conducted in an inert solvent having a boiling point higher than that 
of the Isocyanate compound to be formed and under a reduced pressure of 1-500 nimHg, and the 
vapor mixture of the methanol and the isocyanate compound produced is partially condensed. 

5 6- A process for producing an isocyanate compound from an a*ii!ne ccrnpound which comprises 



(a) the first reaction step of reacting methyl formate and an amine compound with dimethyl 
carbonate in the presence of an alkali catalyst to produce a corresponding urethane compound, and 

(b) the second reaction step of thermally decomposing the urethane compound at a. temperature of 
150-350* C and separately recovering the methanol and the con'esponding isocyanate compound 



7. A process for producing an isocyanate compound according to claim 6 wherein the amine compound is 
an aliphatic amine compound. 

15 8. A process for producing an isocyanate compound according to claim 6 wherein the aniine compound is 
m-xylenediamine or N.N'-[1.3-cyciohexylbis(methy!ene)]bisamine. 

9. A process for producing an isocyanate compound according to claim 6 wherein the alkali catalyst is 
sodium methylate. 



10. A process for producing an isocyanate compound according to claim 6 wherein the thermal decomposi- 
tion of the second reaction step is conducted in an inert solvent having a boiling point higher tlian that 
of the isocyanate compound to be formed and under a reduced pressure of 1-500 mmHg, and the 
vapor mixture of the metftanol and the isocyanate compound produced Is partially condensed. 
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